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A. 


roduct ion 


Continuing  support  by  O.N.R.  has  enabled  the  Southampton  group  to 
continue  ana  develop  their  efforts  in  three  areas  tn  which  they  might 
make  a  claim  to  have  been  pioneers  -  the  in  situ  vibrational 
spectroscopic  study  of  e lect rode-e ! ect ro 1 y t e  interfaces,  detailed 
investigations  of  ultra  microelectrodes  and  the  structure  and 
properties  of  polymers  rapidly  solidified  from  their  melts. 


In  the 
heav i esf 
of  t  he 
ear  1 1 er , 


report  given  below  we  briefly  outline  progress  1  ay i 
emphasxs  on  the  newest  results.  For  a  more*  detailed  c 
progress  maae  readers  are  refer  tec  to  progress  reports 


ng 


t  he 
age 
anc 


&.  Vibrational  Spectroscopic  Studies  on  Electrode-Electrolyte  Interfaces 


Raman  Spectroscopy  of  Electrode-Electrolyte  Interfaces 


We  have  already  reported  (31/03/1987)  that  we  have  succeeded  in 
obtaining  enhanced  Raman  spectra  from  the  interfaces  between  me*al 
over  layers  (deposited  on  SERS  active  substrates)  and  electrolyte 
solutions.  The  papers  dealing  with  Pb,  Tl,  Zu,  Ni  ,  CO  and  Cu  on  Ag 
substrates  have  now  appeared  in  print: 

M.  Fleischmann  and  Z.Q.  Tian,  The  Effects  of  the  Underpotent i a  1 
and  Overpotent ia  1  Deposition  and  Lead  and  Thallium  on  Silver  on 
the  Raman  Spectra  of  Adsorbates,  J.  Elect roanal.  Chem.  217  (1987) 
385  . 


M.  Fleischmann,  Z.Q.  Tian  and  L.J.  Li  ,  Raman  Spectroscopy  of 
Adsorbates  on  Thin  Film  Electrodes  Deposited  on  Silver 
Substrates,  J.  Elect roanal  Chem.,  217  (1987)  397. 

M.  Fleischmann  and  Z.Q.  Tian,  The  Induction  of  SERS  on  Smooth  Ag 
by  the  Deposition  of  Ni  and  CO,  J.  elect roanal.  Chem.,  217  (1987) 
411. 
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The  paper  dealing  with  Fe : 
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G.  Mongol  i,  M.M.  Musi  am,  M.  F  le  i  scnnionn,  B.W.  Mao  ana  Z  .  Q.  T'an, 
Enhanced  Raman  Scattering  from  Iron  Electrodes,  Elect rochim.  Acta 

still  in  press . 

A  paper  dealing  with  the  interpretation  of  the  spectra  of  octahedral 
ions  adsorbed  at  metal  electrodes  has  been  published  in  association 
with  the  groups  of  Professor  5.  Pons  (Salt  Lake  City,  Utah)  ana 
Professor  P.P.  Schmidt  (Oakland  Michigan): 

S.  Pons  and  M.  F ! e > schmann.  Theoretical  Analysis  of  the 
Vibrational  Spectra  of  Ferri cyanide  ana  Ferrocyamde  Adsorbe  a  on 
Metal  Electrodes,  J.  Phys.  Chem.,  91  (1987)  5568. 

The  major  new  development  has  be*»n  the  observation  of  Near  Infra  Red 
Fourier  Transform  Enhanced  Spectra  (NIFTERS)  from  silver  electrodes. 
The  signal  intensities  already  acmeved  ar*  comparable  to  the  highest 
intensities  which  have  been  obtained  for  solid  samples  using  near  I.R. 
founer  Transform  Raman  techniques.  We  believe  that  NIFTERS  will 
prove  to  be  the  method  of  choice  for  the  measurement  of  Raman  spectra 
at  electrode-solution  interfaces. 


X-Ray  Diff.raction  at  Electrode  Surfaces 


The  investigation  of  platinum-solution  interfaces  (covering  changes  in 
structure  due  to  changes  in  the  double  layer  potential,  oxide 
formation,  the  adsorption  of  ‘weakly  adsorbed’  hydrogen  and  the 
adsorption  of  carbon  monoxide)  has  now  appeared  in  print: 

M.  Fleischmann  and  &.W.  Mao,  In-s 1 1  u  X-Ray  Diffraction  Studies  cf 
Pt  E  lect rode-So lut  >on  Interfaces,  J.  Elect roanal.  Chem,  229 
(1987)  125- 

It  has  become  apparent  that  the  structural  changes  induced  bv  the 
adsorpt ion  of  hydrogen  could  be  assigned  to  the  restructuring  of  (110) 
facets,  an  interpretation  more  closely  in  line  with  the 
e 1 ect rochem i ca 1  behaviour  than  the  original  explanation.  A  short  note 
on  this  topic  has  been  accepted  for  publication: 


Mi croe lect code  Research 


The  investigation  of  the  behaviour  of  systems  in  polar  solvents  in  the 
absence  of  support  electrolytes  and  of  measurement s  in  solvents  of  low 
dielectric  constant  in  the  presence  of  electrolytes  has  now  appeared 
i n  print: 

M.J.  Peria,  M.  Fieischmann  and  N.  Garrard,  Voltammetric 
Measurements  with  Microelectrodes  in  Low  Conductivity  Systems,  J. 
E lect  r oar.a  1  .  Ciiem.  ,  220  (1987)  31- 

A  paper  on  the  in  situ  determination  of  Low  concentrations  of  lead  in 
battery  systems  has  been  published; 

L. J.  Li,  M.  Fieischmann  and  L.  Peter,  In-situ  Measurements  of 

Db^  Concent  rat i on  in  the  Lead-Acid  battery  using  Mercury 

Uit rami c roelect rodes ,  Electrochim.  Acta,  32  (1987)  1585. 

The  co l l aborat ion  with  Professor  Pons’  group  on  the  development  of 
research  in  this  field  has  continued.  The  behaviour  of  microring  and 
microdisc  electrodes  has  been  reexamined: 

M.  Fieischmann  and  S.  Pons,  The  Behaviour  of  Microring  and 

Microdisk  Electrodc-s,  J.  Electroanal.  Chem.,  232  (1987)  107. 

and  time  dependent  processes  (and  other  topics)  at  microdisc 

electrodes  have  been  discussed  in  some  detail: 

M.  Fieischmann  and  S.  Pons,  Selected  Theoretical  Topics  in  (Eds) 
M.  Fieischmann,  S.  Pons,  D.R.  Rolison  and  P.P.  Schmidt, 
ULtrami ctoelectrodes,  Datatech  Systems  Inc.,  Morganton  N.C.  28655 
-  0435  (1987)  17. 

A  new  form  of  dropping  metcury  u I l i am i croe lect rode  has  been  devised; 
the  spherical  geometry  of  this  electrode  greatly  simplifies  the 
mathematical  analysis  of  electrode  processes  (as  compared  to  the  use 
of  disc  or  ring  electrodes)  and,  indeed,  the  solutions  of  many 
problems  have  already  been  given  in  the  literature  (although  for  very 
different  conditions  than  t  hosp  which  apply  to  the  electrodes  of  very 
small  size).  A  first  paper  on  this  topic  has  been  accepted 

publication  in  the  Journal  of  Elect roanalyt ical  Chemistry. 


for 


y 


M.  Fleischmann  and  b.W.  Mao,  In-si  tu  X-ray  diff  raction 

measurements  of  the  surface  structure  of  Pt  in  the  presence  of 
'weakly'  adsorbed  H,  J.  Electroanal.  Chem.,  in  the  press. 

We  have  been  able  to  demonstrate  for  the  first  time  that  compressed 
commensurate  monolayers  of  Tl  can  be  formed  on  Aa  both  by 
underpotent i a l  deposition  and  by  the  interconversion  of  Tl  and  Tl  I 
monolayers.  The  format  ion  of  a  second  incommensurate  layer  and  of 

highly  ordered  overpotent  al  deposits  has  also  been  monitored.  A 

paper  covering  this  study  and  dealing  also  with  related  measurements 

rot  Pb  and  the  depos  <  t  .  on  cn  Au  electrodes  !  nc  lading  the  thec»~t  *ca! 

interpretation  of  diff  ract  ion  intensities  from  two-dimensional 

artays)  has  been  accepted  for  publication: 

M.  Fleischmann  and  &.  Mao,  In-si tu  X-ray  diff  raction 

investigations  of  the  UPD  of  Tl  and  Pd  on  Ag  and  Au  electrodes, 
J.  Electroanal.  Chem.,  in  the  press. 

Structural  changes  induced  in  poly  films  deposited  on  metal 

ICtLCO 

electrodes  (the  emeraldine-emerald i ne  transition  and  the 

behaviour  of  iodine  doped  fi imsl  have  been  investigated  and  a  paper  on 
tins  subject  has  been  submitted  for  publication: 

M.  F  le  ischmann ,  N.  ^arrard,  &.W.  Mao  and  G.  Mengoli,  J. 

Electroanal.  Chem. 

The  study  of  electrode  solution  interfaces  by  i n-si t u  methods  has  beep 
reviewed  and  this  paper  has  now  been  published: 

M.  Fleischmann,  The  Investigation  of  Electrode-solution 
Imetfaces  by  .n-situ  Methods. 

The  Robert  A.  Welch  Foundation  conferences  on  Chemical  Research 
XXX.  Advances  in  Electrochemistry  (1987)  91. 

Much  of  the  instrumentation  has  been  redesigned  during  the  present 
period  in  preparation  for  the  initiation  of  a  new  range  of 


i nvest  i gat i ons . 


Work  on  e*  lect  rocrysta  11  1  sat  ion  processes  has  continued. 
Investigations  of  nucleation  are  referred  in  the  next  section. 

Stoch^.,1  ~.c  Processes 

The  major  effort  during  this  period  has  been  the  study  of 
e l ect rocrysta i 1 ’ sat  i on  processes  on  mi  croe  1  ecr  redes  and  especially  of 
those  reactions  which  are  important  to  the  operation  of  the  lead-acic 
battery.  By  using  a  sufficiently  small  substrate  it  is  possible  to 
restrict  nucleation  to  that  of  a  single  growth  centre  (an  even  smaller 
mi  croe  lect  rode)  which  greatly  simpl.f.es  the  •  m  er  pr  e-tat  i  on  of  i  he 
data.  The  arrival  time  distributions  of  the  first  nucleus  (in 
ensembles  of  repeated  experiments)  is  determined  by  the  kinetics  of 
formation  of  the  first  nucleus  i.e.  we  have  access  to  the  kinetics  of 
formation  of  a  nn  croe  I  ®c*- rode  of  molecular  dimensions.  Details  of 
this  work  were  reported  at  the  Elecrochemi cal  Society  Meeting  in 
Philadelphia,  May  1987  and  in  a  paper  presented  at  the  Second  Workshop 
in  Interface  Phenomena,  Compobellow  Internat i ona 1  Park,  August  1987 
which  is  due  to  be  published  by  Springer  Verlag: 

M.  Fleischmann,  Electrochemical  Processes  in  Small  Systems,  in 
the  press. 

This  paper  also  contains  a  short  survey  of  the  application  of  i n-si tu 
techniques.  Full  details  of  the  work  on  e lect rocrysta 1 1 i sat i on  and 
especially  that  on  nucleation  are  contained  in  two  papers  which  will 
be  submitted  shortly  for  publication. 

The  papers  on  pore  formation  in  lipid  bi layers  referred  to  in  the  last 
report  are  also  attached. 

T'ofro.f^cjL 

Interest  has  continued  on  electrochemical  studies  on  identified 
crystal  faces.  Thus^  an  investigation  has  been  completed  on  the 
oxidation  of  formic  acid  over  Pt(lOO)  +  Pt(lll)  surfaces  both  i n-s i t  u 
in  sulphuric  acid  as  electrolyte- 

S.G.  Sun,  H.  Halavikir  and  A.  Bewick,  J.  EJectroanal.  Chem.  (in 
press) . 


Whilst  an  extension  to  formaldehyde  in  a  1  ka 1 1 ne  supporting 
electrolytes  using  EMIRS  has  also  been  presented  for  pub  1 i rat  ion  M. 
Aur i nac-Ivie,  R.R.  Adjic,  A.  Bewick  and  M.  Fazag,  J.  Elect roanal. 
Chem.  ( m  press) . 

The  use  of  isot  opic  mixtures  .s  frequently  ir. valuable  in  explaining 
EMIRS  and  related  spectra  and  an  example  of  this  approach  is  also 
available  which  serves  to  define  the  state  or  progress  at  this  time. 
The  system  involved  was  CO  and  Pt 

A.  bewick,  M.  Razaq  and  J.W.  Russell,  J.  Elect roanal.  Chem.  (in 
press) . 

Studies  on  electrode  surfaces  using  infrared  methods  have  been 
considerably  extended  at  Southampton  thanks  to  the  purchase  of  bruker 
F.T.I.R.  system  (using  funds  derived  from  the  Scence  and  Engineering 
Research  Council)  and  the  design  construct  ion  and  development  of  new 
sample  cell  systems.  The  latest,  sophisticated  technology  has 
improved  the  quality  of  the  spectra  aviiable  and  tv-nce  the  rigour  in 
the  analysis  available.  The  subject  has  been  rev  owed  recently: 

A.  Bewick,  M.  Kalaji,  A.C.S.  Summer  Svrrp.  Series  288  Cat. 
Charact.  Sciences  S5C  1986  (20). 

Thus,  a  successful  study  has  been  completed  on  hydrogen  evolution  over 
platinum  where  particular  attention  has  been  paid  to  the  adsorbed 
i nt  ermed iates . 

R.J.  Nichole;  and  A.  Bewick,  J.  Elect  roanal.  Chem.  (in  press) 


Polymer  Processing  and  Proper t i es 


The  Southampton  group  is  continuing  at 


into 

t  he 

st  r  uct  ure  and 

proper  t i 

of 

melt  s 

of 

po lyo lef i ns . 

The  consequent 

hence 

low 

values  of  the 

crysta  1  ! i zat 

i  on 

high  intensity  its  research 
solids  produced  by  quenching 
high  supercooling  levels  (and 
temps.)  causes  these  materials 


to  have  'odd*  properties  but,  of  course,  proper  ttf-s  typical  of 
commercially  processed  products-  It  is  worth  emphasis mq  *n  this 
rc-port  in  it  all  industrially  processed  polymers  are  quench-coo  U*d  tiom 
the  melt.  This  programme  has  W*d  to  a  long  series  of  pul.il  icat  ions  of 
which  only  the  most  recent  are  reviewed  here.  Further  work  has  been 
concentrated  on  the  processes  that  occur  during  piast  i-'  deformat  ion 
wherein  it  has  been  demonstrated  that  very  few  chains  rup’ure  dur  mq 
the  re-organi^ation  of  sphei  till  1 1  » c  materials  into  tibr-MaT  species 
but  that  chains  do  rupture  when  oriented  f  ihr  i  1  nf  mater ial  is  itself 
further  deformed  by  stretching. 

P.J.  Hendra.  C.  Hammond,  B.  Lator  and  11. A.  Willis,  Polymer  1 98  A 
29,  49-53. 

and 

P.J.  Hendra,  A.J.  Peacock  and  H . A .  Willis,  Polymer  198?,  2_8,  70S. 

and 

C.  Passingham,  P.J.  Hendra,  M . E . A .  Cudby  ,  v.  Zichy,  Polymer  5-68 
1988  ( in  press) . 

A  bye  product,  of  Uns  research  has  been  an  interest  in  the  structure 
of  flowing  polymer  melts.  Flowing  melts  have  been  examined  by  X-ray 
di f  f r act  ion . 

M.A.  Taylor,  P.J.  Hendra  and  H.A.  Willis.  J.  Pol.  Sci  .  Pal 

Letts.  1986,  24,  83. 

by  infrared  and  Raman  methods  (See  earlier  report  and  Ph.D.  Thesis 
Southampton  L.  Hanna  1988)  from  which  it  is  clear  th3t  little  or  no 
orientation  is  to  be  found  in  a  sheared  me  1 1 .  The  origin  ■»*  ’he 
molecular  level  of  die  swell  thus  become  obscure  and  is  the  subject  of 
study  at  this  time. 


The  techniques  required  to  make  optical  measurements  in  hostile 
environments  -*  jh  as  those  des*.  i  ibi-d  above  have  been  extensively 


1 


develops.  I r.  particular,  the  use  of  opt  ical  fibres  wi  kamar. 

spec’  ..  os  copy  has  been  highly  fruitful  and  the  technology  i now  at  t  ne 
jt  di*-  that  it  can  be  used  rout  >  ne ! y . 

P.J.  Her'dra,  G.  FI  I  is  and  D.  Cutter,  .  kaman  Spectroscopy  (in 

press i  . 

Vtfcrat  tonal  spectroscopy  supported  by  NMC  measurements  have  been 
applied  for  some  years  to  a  var  ety  of  f  roblems  in  polymer  analys  s, 
the  latest  outcome  be » nq  an  invest  iq.it  i  into  the  molecular  level 
structure  of  f i near- low-dens • i y  poly*-*  vlenes  and  the  role  th<s 
structure  plays  in  cont  roll  ir.q  the  pi  c-oer  t  » es  of  some  crystalline 
so  lids  pr  oduced  f  rom  t  he ;  r  ne : t  s . 

P.J.  fiendta,  A.J.  Peace.-:  and  W.ilis,  Polyc^r  1988  (a. 

press)  . 

The  importance  of  the  ONR  support  to  he  relatively  small  polymer 
group  is  perhaps  indicated  best  by  ’  i.  lact  that  at  the  t  <me  this 

report  is  being  written,  no  less  than  t-  •  postgraduate  enjoying  whole 

or  partial  support  for  the  contract  ha-'  been  successfully  examined 
for  their  Ph.D.  degrees  with  the  last  h  months.  Mu^h  of  the  work  m 
the  theses  will  be  further  progressed  and  reported  m  future  progress 
repor  t  s . 

Very  recently,  preliminary  work  was  completed  on  the  development  ot 

Fourier  Transform  Raman  methods  and  this  has  been  mentioned  in  c-ar  l  ler 
sections.  The  method  is  under  intensive  development  at  Southampton  in 
collaboration  with  the  Perkin  Elmer  Company  who  delivered  an  early 
prototype  spectrometer  to  Southampton  early  in  August  1988.  Little  of 
this  work  was  prepared  for  publication  during  the  report  period  but  a 
whole  series  of  paper  has  been  produced  immediately  after  September 
1987.  Again,  the  O.N.R.  funding  was  crucial  in  that  it  permitted  t  he- 
Raman  group  to  undertake  speculative  preliminary  work  when  it  was  most 
opertune  (during  the  winter  cf  1986-1987). 


"1 


D .  CONCLUSION 

A  vt  *ry  considerable  number  of  publications  have  been  pi  oduct-.i  as  a 
result  of  the  research  funded  under  this  contact.  The  funds  have  also 
be€*n  used  to  support  a  large  number  of  postgraduate  st  udent  s  wi  ’  h  mos' 
beneficial  *  esults.  Further,  the  very  preliminary  work  on  the 
d€*veIopment  and  exploitation  of  Fourier  Transform  Raman  methods  macie 
po  s  5,  i  b  1  e  by  the  O.N.R.  support  has  lea  (under  a  new  cont  act  j  «o  an 
incredibly  rapid  development  of  the  method  and  the  construct  ,on  and 
refinement  of  probably  the  most  soph » si routed  and  highest  performance 
Four ler  Transform  Spectrometers  currently  in  ex i stance. 


